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/ 2. Mathematics/Physios / 



. ArchitectLire/CK 



[Document Name] Description 



[Title of the Invention] A liquid crystal display and a portable telephone 



[Claim(s)] 



[Claim 1] Two or more 1st vertical-scanning lines formed on the substrate at matrix form, and 
two or more horizontal scanning lines, The 1st switching means connected to said controllable 
horizontal scanning line and a controllable picture element electrode by said 1st vertical- 
scanning line, The 2nd switching means connected to said controllable horizontal scanning line 
by said 1st vertical-scanning line, The capacitative element for control for holding the control 
signal of said horizontal scanning line connected to said 2nd switching means, The liquid 
crystal display characterized by having the 3rd switching means which connects a picture 
element electrode with a pixel signal line in order to write the potential of a pixel signal line in a 
picture element electrode, and connecting said 3rd switching means to said capacitative 
element for control. 



[Claim 2] Two or more 1st vertical-scanning lines formed on the substrate at matrix form, two 
or more 3rd vertical-scanning lines, and two or more horizontal scanning lines, The 1st 
switching means connected to said controllable horizontal scanning line and a controllable 
picture element electrode by said 1st vertical-scanning line, The 2nd switching means 
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connected to said controllable horizontal scanning line by said 3rd vertical-scanning line, The 
capacitative element for control for holding the control signal of said horizontal scanning line 
connected to said 2nd switching means, The liquid crystal display characterized by having the 
3rd switching means which connects a picture element electrode with a pixel signal line in 
order to write the potential of a pixel signal line in a picture element electrode, and connecting 
said 3rd switching means to said capacitative element for control. 



[Claim 3] As for one TFT, TFT of another side is a liquid crystal display according to claim 1 or 
2 characterized by connecting with different reference potential wiring by the 3rd switching 
means consisting of n type TFT and p type TFT. 



[Claim 4] The liquid crystal display according to claim 1 or 2 characterized by connecting the 
4th controllable switching means in series between the 3rd switching means and a picture 
element electrode by the 2nd vertical-scanning line. 



[Claim 5] A liquid crystal display given [ of Claim 1 characterized by the thing with same 
potential of different reference potential wiring for which n type TFT which is the 3rd switching 
means, and p type TFT were connected when the signal of a horizontal scanning line was 
three or more values to Claim 4 ] in any 1 term. 



[Claim 6] The 5th controllable switching means is connected in series by the 2nd vertical- 
scanning line between n type TFT and the picture element electrode which are the 3rd 
switching means. A liquid crystal display given [ of Claim 1 characterized by connecting the 6th 
controllable switching means to series respectively by the 2nd vertical-scanning line between p 
type TFT and the picture element electrode which are the 3rd switching means to Claim 3 ] in 
any 1 term. 



[Claim 7] After inputting into the 1st vertical-scanning line the signal which turns on the 1st and 
2nd switching means, A liquid crystal display given [ of Claim 1 characterized by inputting into 
the 2nd vertical-scanning line the signal which turns on the 3rd switching means with an 
interval shorter than the rise time or fall time of a liquid crystal to Claim 6 ] in any 1 term. 
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[Claim 8] It is a liquid crystal display given [ of Claim 1 characterized by the signal cycle of the 
2nd vertical-scanning line being the same, or being shorter than the signal cycle of the 1st 
vertical-scanning line to Claim 7 ] in any 1 term. 



[Claim 9] The drive circuit connected to the horizontal scanning line distributes the row of the 
control signal of a serial binary inputted from the outside of a substrate corresponding to a 
picture element electrode. A liquid crystal display given [ of Claim 1 characterized by 
constituting so that the control signal corresponding to a picture element electrode can be held 
until write-in operation to the capacitative element for control is completed to Claim 8 ] in any 1 
term. 



[Claim 10] The reference potential of a pixel signal line is set up so that the potential written in 
the picture element electrode may turn into potential which applied liquid crystal drive voltage 
to the potential of a counter substrate, or reduced potential. And it is a liquid crystal display 
given [ of Claim 1 characterized by setting up the potential of common wiring so that the 
potential written in the picture element electrode may become equal to the potential of a 
counter substrate to Claim 9 ] in any 1 term. 



[Claim 11] It connects with the reference potential bus-bar for a pixel signal line to supply a 
reference potential from the outside of a substrate by the switching means. A liquid crystal 
display given [ of Claim 1 characterized by constituting so that a switching means may be 
interlocked with at least one of the 1st vertical-scanning line, the 2nd vertical-scanning line, 
and the 3rd vertical-scanning lines and it may operate to Claim 10 ] in any 1 term. 



[Claim 1 2] A liquid crystal display given [ of Claim 1 to which the interval of change of the 
potential which sandwiched the potential of the counter electrode of a pixel signal line is 
characterized by a long time from the interval of write-in operation to a picture element 
electrode to Claim 1 1 ] in any 1 term. 



[Claim 13] A liquid crystal display given [ of Claim 1 which is the voltage swing whose output of 
a horizontal scanning line circuit is smaller than the voltage swing which controls the 3rd 
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switching means, and is characterized by having a voltage swing conversion circuit between 
the output of said horizontal scanning line circuit, and horizontal scanning wiring to Claim 12 ] 
in any 1 term. 

[Claim 14] The field through voltage of the 1st switching means connected to a controllable 
horizontal scanning line and a controllable picture element electrode by the 1st vertical- 
scanning line, A liquid crystal display given [ of Claim 1 characterized by the field through 
voltage by the 4th switching means / which was connected to the controllable picture element 
electrode by the 2nd vertical-scanning line / or 5th, and 6th switching means being the same to 
Claim 13 ] in any 1 term. 

[Claim 15] The picture element electrode of one pixel is divided into plurality, and each picture 
element electrode is received. The 2nd switching means connected to the 1st or 3rd vertical- 
scanning line and horizontal scanning line, A liquid crystal display given [ of Claim 1 
characterized by having the 3rd switching means for writing the capacitative element for 
control for holding the control signal of the horizontal scanning line connected to the switching 
means, and the potential of a pixel signal in a picture element electrode to Claim 14 ] in any 1 
term. 



[Claim 16] A liquid crystal display given [ of Claim 1 characterized by the area of at least one 
picture element electrode in the picture element electrode divided into plurality differing from 
other picture element electrodes to Claim 15 ] in any 1 term. 



[Claim 17] A liquid crystal display given [ of Claim 1 characterized by a picture element 
electrode being the reflection type which consisted of metal membranes to Claim 16 ] in any 1 
term. 



[Claim 18] The portable telephone characterized by equipping either of Claim 17 with the liquid 
crystal display of a description from Claim 1. 



[Detailed Description of the Invention] 
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[0001] 



[Field of the Invention] This invention relates to the liquid crystal display for displaying a picture 
using a liquid crystal, especially the liquid crystal display used for the Personal Digital Assistant 
for which it is needed that it is low power, or a cellular phone. 



[0002] 



[Description of the Prior Art] In the personal computer, the television set, etc., in order to 
display Still Picture Sub-Division and an animation, the liquid crystal display is used. Drawing 
10 is the block diagram showing the conventional color liquid crystal display, and is set to 
drawing. One pixel which consists of one pixel each of RGB 1001, the liquid-crystal-display 
part in which many pixels were arranged by matrix form 1002, 1003 consists of a shift register 
circuit 1004 and a buffer circuit 1005. The vertical scanning circuit which chooses one line of 
the liquid-crystal-display part 1002, and 1006 consist of a shift register circuit 1007, a buffer 
circuit 1008, and a switch 1009. A vertical-scanning line for the horizontal scanning circuit for 
allotting a signal to one train of the liquid-crystal-display part 1002, and 1010 and 1011 to 
connect the vertical scanning circuit 1003 and the horizontal scanning circuit 1006, and each 
pixel, respectively and a signal line, and 1012 are common wiring. Drawing 1 1 is a circuit 
diagram for which one pixel of drawing 10 is shown, and, as for 1101, a liquid-crystal-display 
element and 1 103 are capacitors TFT and 1 102 in drawing. 



[0003] Next, operation is explained. If positive voltage is impressed to the vertical-scanning line 
1010, TFT1 101 will flow and a signal line 1011, the liquid-crystal-display element 1 102, and a 
capacitor 1 103 will be connected. Thereby, the liquid-crystal-display element 1 102 and a 
capacitor 1 103 charge to the voltage of a signal line 101 1 and same electric potential. In what 
is called the dot order following drive, each train pixel of one line is charged one by one by the 
horizontal scanning circuit 1006. After scanning all the train pixels, since the voltage of the 
vertical-scanning line 1010 turns into 0 or negative voltage by the vertical scanning circuit 
1003, TFT1101 will be in non-switch-on, and the voltage of the liquid-crystal-display element 
1 102 and a capacitor 1 103 is held. 
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[0004] After it scans the following line one by one similarly and the vertical scanning circuit 
1003 scans all the lines (it is called one frame), positive voltage is again impressed to the 
vertical-scanning line 1010, and voltage is written in the liquid-crystal-display element 1 102 
and a capacitor 1 103 from a signal line. Thus, while all the pixels are written in one by one for 
every frame, it will display. 



[0005] 



[Problem to be solved by the invention] [ it is necessary to maintain voltage with the 
electrostatic capacity which the liquid-crystal-display element 1 102 and a capacitor 1 103 have 
but until a signal is written in one pixel and it writes in again (namely, 1 frame period), since the 
conventional liquid crystal display is constituted as mentioned above, and ] Voltage falls by the 
limited specific resistance of a liquid crystal, leak of TFT, etc., and deterioration of display 
grace, such as a flicker, arises. Since drawing 12 illustrates this situation, (a) is the case where 
it is made to operate with the usual frame frequency of 60Hz and one pixel is rewritten once at 
frame period 1 / 60 seconds, The falls of voltage are few, the reflection factor (brightness) 
which is a pixel does not change, and deterioration of display grace, such as a flicker or a 
contrast drop, is not seen. 

[0006] By the way, the power dissipation of a liquid crystal display is set to the vertical 
scanning circuit 1003 which operates on the frequency of the number of frame frequency x 
vertical-scanning lines, and the horizontal scanning circuit 1006 which operates on the 
frequency of the number of number of frame frequency x vertical-scanning lines x horizontal 
scanning lines. The electric power of the shift register circuit which operates at high speed 
occupies most, and it is effective reduction of such test frequency or to make it operate 
intermittently to low-power-izing. 

[0007] (b) shows level and the case where the test frequency of a vertical scanning circuit is 
reduced in order to reduce power dissipation. In this case, the rewriting interval of a liquid- 
crystal-display element, i.e., a frame period, becomes long, and the brownout produced in the 
meantime becomes very large. Technical problems of display grace falling - since a reflection 
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factor (brightness) changes a lot and is observed as a flicker, since voltage changes in time 
when such a display is performed, and average voltage also falls, contrast is not fully acquired 
-- occurred. 



[0008] It aims at obtaining the liquid crystal display which can attain reduction-ization of power 
dissipation, without having been made in order that this invention might solve the above 
technical problems, and spoiling display grace. 

[0009] 



[Means for solving problem] 1st switching means by which the liquid crystal display concerning 
this invention was connected to a controllable horizontal scanning line and a controllable 
picture element electrode by the 1st vertical-scanning line, The 2nd switching means 
connected to the controllable horizontal scanning line by the 1st vertical-scanning line, The 
capacitative element for control for holding the control signal of the horizontal scanning line 
connected to the 2nd switching means, In order to write the potential of a pixel signal line in a 
picture element electrode, it has the 3rd switching means which connects a picture element 
electrode with a pixel signal line, and the 3rd switching means is connected to the capacitative 
element for control. 



[0010] 1st switching means by which the liquid crystal display concerning this invention was 
connected to a controllable horizontal scanning line and a controllable picture element 
electrode by the 1st vertical-scanning line, The 2nd switching means connected to the 
controllable horizontal scanning line by the 3rd vertical-scanning line, The capacitative element 
for control for holding the control signal of the horizontal scanning line connected to the 2nd 
switching means, In order to write the potential of a pixel signal line in a picture element 
electrode, it has the 3rd switching means which connects a picture element electrode with a 
pixel signal line, and the 3rd switching means is connected to the capacitative element for 
control. 



[001 1] As for the liquid crystal display concerning this invention, the 3rd switching means 
consists of n type TFT and p type TFT, and one TFT is connected to different reference 
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potential wiring from TFT of another side. 



[0012] The liquid crystal display concerning this invention is connected by the 2nd vertical- 
scanning line in series [ the 4th controllable switching means ] between the 3rd switching 
means and a picture element electrode. 



[0013] When the signal of a horizontal scanning line is three or more values, the potential of 
different reference potential wiring to which n type TFT which is the 3rd switching means, and 
p type TFT were connected carries out the liquid crystal display concerning this invention as 
[ similarly ]. 



[0014] [ the liquid crystal display concerning this invention / with the 2nd vertical-scanning line / 
the 5th controllable switching means ] It connects in series between n type TFT and the picture 
element electrode which are the 3rd switching means, and the 6th controllable switching 
means is respectively connected to series by the 2nd vertical-scanning line between p type 
TFT and the picture element electrode which are the 3rd switching means. 



[0015] After the liquid crystal display concerning this invention inputs into the 1st vertical- 
scanning line the signal which turns on the 1st and 2nd switching means, The signal which 
turns on the 3rd switching means is inputted into the 2nd vertical-scanning line with an interval 
shorter than the rise time or fall time of a liquid crystal. 

[0016] It is made shorter [ the liquid crystal display concerning this invention ] in whether the 
signal cycle of the 2nd vertical-scanning line is the same than the signal cycle of the 1 st 
vertical-scanning line. 

[0017] The drive circuit connected to the horizontal scanning line distributes the row of the 
control signal of a serial binary inputted from the outside of a substrate corresponding to a 
picture element electrode, and the liquid crystal display concerning this invention enables it to 
hold the control signal corresponding to a picture element electrode until write-in operation to 
the capacitative element for control is completed. 
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[0018] The liquid crystal display concerning this invention [ the reference potential of a pixel 
signal line ] It is set up so that the potential written in the picture element electrode may turn 
into potential which applied liquid crystal drive voltage to the potential of a counter substrate, or 
reduced potential, and the potential of common wiring is set up so that the potential written in 
the picture element electrode may become equal to the potential of a counter substrate. 

[0019] The liquid crystal display concerning this invention is connected with the reference 
potential bus-bar for a pixel signal line to supply a reference potential from the outside of a 
substrate by the switching means. A switching means is interlocked with at least one of the 1st 
vertical-scanning line, the 2nd vertical-scanning line, and the 3rd vertical-scanning lines, and it 
is made to operate. 

[0020] It is made longer [ the liquid crystal display concerning this invention / the interval of 
change of the potential which sandwiched the potential of the counter electrode of a pixel 
signal line ] than the interval of write-in operation to a picture element electrode. 

[0021] The liquid crystal display concerning this invention is a voltage swing whose output of a 
horizontal scanning line circuit is smaller than the voltage swing which controls the 3rd 
switching means, and it is made to have a voltage swing conversion circuit between the output 
of a horizontal scanning line circuit, and horizontal scanning wiring. 

[0022] The field through voltage of 1st switching means by which the liquid crystal display 
concerning this invention was connected to a controllable horizontal scanning line and a 
controllable picture element electrode by the 1st vertical-scanning line, The field through 
voltage by the 4th switching means [ which was connected to the controllable picture element 
electrode by the 2nd vertical-scanning line ] or 5th, and 6th switching means carries out as 
[ similarly ]. 



[0023] The picture element electrode of one pixel is divided into plurality, and the liquid crystal 
display concerning this invention receives each picture element electrode. The 2nd switching 
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means connected to the 1st or 3rd vertical-scanning line and horizontal scanning line, It is 
made to have the 3rd switching means for writing the capacitative element for control for 
holding the control signal of the horizontal scanning line connected to the switching means, 
and the potential of a pixel signal in a picture element electrode. 

[0024] It is made for the liquid crystal display concerning this invention to differ in the area of at 
least one picture element electrode in the picture element electrode divided into plurality from 
other picture element electrodes. 

[0025] It is made for the liquid crystal display concerning this invention to be the reflection type 
with which the picture element electrode consisted of metal membranes. 



[0026] The portable telephone concerning this invention equips either of Claim 17 with the 
liquid crystal display of a description from Claim 1. 



[0027] 



[Mode for carrying out the invention] One form of implementation of this invention is explained 
hereafter. The block diagram showing the liquid crystal display according [ form 1. drawing 1 of 
operation ] to the form 1 of implementation of this invention and drawing 2 are circuit diagrams 
which constitute one pixel, and in drawing, since the same sign as drawing 10 and drawing 1 1 
shows the same or a considerable portion, it omits explanation. N type TFT whose 1 1 is the 
2nd switching means, the capacitor whose 12 are a capacitative element for control, n type 
TFT whose 13 is the 3rd switching means, p type TFT whose 14 are the 3rd switching means, 
and 15 are n type TFT(s). 



[0028] Drawing 3 is a wave form chart explaining circuit operation in the usual display (for 
example, 16 tone wedges, 4096 color displays) of the liquid crystal display of this invention. 
Voltage (a) the signal of the 1st vertical-scanning line 1010, and voltage (b) The signal of the 
horizontal scanning line 1, As for the signal of the common wiring 1012, and voltage (e), 
voltage (c) is [ the signal of the pixel signal line 3, and voltage (d) / the voltage of the 
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capacitative element for control and the voltage (g) of the signal of the 2nd vertical-scanning 
line 4 and voltage (f) ] the voltage of a picture element electrode. 



[0029] Next, operation is explained. Usually, at the time of a display, since analog voltage is 
written in the capacitative element for control simultaneously with a picture element electrode, 
n type TFT13 which are the 3rd switching means, and p type TFT14 will be in halfway ON 
state simultaneously, and current (flowing through) flows between the pixel signal line 3 and 
the common wiring 1012. In order to prevent this, the pixel signal line 3 is made into the 
common wiring 1012 and same electric potential. 



[0030] Here, drawing 4 is a wave form chart explaining circuit operation in the low-electric- 
power display (for example, two tone wedges, 8 color displays) of a liquid crystal display. 
Control voltage is written also in a picture element electrode at the same time it writes control 
voltage in the capacitative element for control at the time of a low-electric-power display. In a 
low-electric-power display, TFT of either n type TFT13 which are the 3rd switching means, or p 
type TFT14 is led according to the voltage written in the capacitative element for control. 
Although the potential of the pixel signal line 3 or the common wiring 1 01 2 is written in a 
picture element electrode, a display image is confused in order that a liquid crystal may answer 
to control voltage, if write-in operation of the potential of the pixel signal line 3 after control 
voltage was written in the picture element electrode, or the common wiring 1012 is slow. For 
this reason, after inputting into the 1st vertical-scanning line 1010 the signal which turns on the 
1st and 2nd switching means, the signal which turns on TFT15 which are the 3rd switching 
means is inputted into the 2nd vertical-scanning line 4 with an interval shorter than the rise 
time or fall time of a liquid crystal. In drawing 4, the 3rd is turned on in 1st immediately after. 
Moreover, since the interval of the writing by the 1st vertical-scanning line can be made longer 
than the interval of the writing by the 2nd vertical-scanning line in a low-electric-power display, 
time when the horizontal scanning circuit is operating can be shortened compared with the 
former, and, for this reason, power dissipation can be made low compared with the former. 
Although the interval of change of the signal of a pixel signal line is the same as the interval of 
the signal of the 2nd vertical-scanning line which controls the writing to a picture element 
electrode in drawing 4, you may lengthen the interval of change of the signal of a pixel signal 
line. In this case, since the electrical change of a pixel signal line or a picture element 
electrode decreases, -izing can be carried out [ low electric power ] further. 
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[0031] Form 2. drawing 5 of operation is a circuit diagram which constitutes one pixel in the 
form 2 of implementation of this invention. In order to usually abolish the flowing-through 
current at the time of a display, he is trying to insert the 5th and 6th switching means 61 and 62 
between n type TFT13 or p type TFT14 with the form 2 of this operation. 



[0032] Form 3. drawing 6 of operation is a circuit diagram which constitutes one pixel in the 
form 3 of implementation of this invention. With the form 3 of this operation, in order to prevent 
the writing of the control voltage to the picture element electrode at the time of a low-electric- 
power display, a function is divided into the 1st vertical-scanning line 1010 which controls the 
1st switching means 1101 for the 1st vertical-scanning line, and the 3rd vertical-scanning line 
51 which controls the 2nd switching means 11. Therefore, it is at the above-mentioned usual 
display and low-electric-power display time, and operates independently. 



[0033] The block diagram showing the liquid crystal display according [ form 4. drawing 7 of 
operation ] to the form 4 of implementation of this invention, the explanatory view in which 
drawing 8 shows the electrode area of a sub-picture element, and drawing 9 are the circuit 
diagrams showing digital one / analog switching circuit. In order to increase the gradation 
number at the time of a low-electric-power display (display color), the sub-picture element 
which carries out independent operation constitutes a pixel from the form 4 of this operation. 
Moreover, a sub-picture element changes area corresponding to the number of sub-picture 
elements (n bit). For example, in the case of n bit, it is 1 :2:21 . : -- You may be :2n. 



[0034] Furthermore, each pixel signal line 71 is connected to the pixel signal bus-bar 73 
through the switching means controllable by the 2nd vertical-scanning line. Since only the pixel 
signal line 71 of a line with which the 2nd vertical-scanning line was chosen is connected to the 
pixel signal bus-bar 73 Although the parasitic capacitance by the pixel signal line 71 is small, 
for example, polarity is reversed for every line and it writes in a picture element electrode even 
if it changes the potential of the pixel signal bus-bar 73, the increase in the power dissipation 
by parasitic capacitance can be suppressed. 



[0035] Moreover, since the pixel signal line 71 is separated from the pixel signal bus-bar 73 
except the time when the line was chosen, though leak has arisen between the pixel signal line 
71 and other signal lines, for example within the pixel, the increase in the power dissipation by 
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leakage current can be suppressed. 



[0036] For example, when a liquid crystal operates by **2.5V, the output swing from the 
horizontal scanning circuit at the time of a display is usually good 5V. On the other hand, in the 
time of a low-electric-power display, since the voltage swing of the pixel signal line 71 drives a 
liquid crystal, it is 5V, and the bias voltage at the time of threshold voltage + OFF of liquid 
crystal drive amplitude +TFT is required for the control signal amplitude of the 2nd switching 
means for switching this voltage swing. For example, 10V is needed. 

[0037] For this reason, although the output voltage of 10V was required, the buffer circuit 
needed to operate by the high voltage and the horizontal scanning circuit caused increase of 
power dissipation, when a D/A circuit was built in a horizontal scanning circuit with the line 
sequential drive system of a digital input etc. and a buffer circuit was needed. 

[0038] By installing a horizontal scanning circuit and the level shifter circuit (drawing 9) which 
has a change function between horizontal scanning lines When [ which is usually a display ] 
highly precise analog output is required, the buffer output of a horizontal scanning circuit is 
supplied to a horizontal scanning line, the output swing of 5V of a horizontal scanning circuit is 
changed into the voltage swing of 10V by a level shifter circuit at the time of the low-electric- 
power display which does not require accuracy by binary control, and it supplies it to a 
horizontal scanning line. Thereby, 5V is sufficient as the output voltage amplitude of a 
horizontal scanning circuit, and it can reduce the power dissipation of a horizontal scanning 
circuit. 



[0039] Moreover, since a horizontal scanning circuit may be low output voltage amplitude, it 
becomes usable [ the source side IC currently used by a-SiTFT-LCD ]. Power dissipation lower 
than the case where this constitutes the horizontal scanning circuit of the same function from 
polysilicon TFT is realizable. 



[0040] 
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[Effect of the Invention] As mentioned above, the 1st switching means which was connected to 
a controllable horizontal scanning line and a controllable picture element electrode by the 1st 
vertical-scanning line according to this invention, The 2nd switching means connected to the 
controllable horizontal scanning line by the 1st vertical-scanning line, The capacitative element 
for control for holding the control signal of the horizontal scanning line connected to the 2nd 
switching means, Since it constituted as it had the 3rd switching means which connects a 
picture element electrode with a pixel signal line and the 3rd switching means was connected 
to the capacitative element for control in order to write the potential of a pixel signal line in a 
picture element electrode It is effective in the ability to attain reduction-ization of power 
dissipation, without spoiling display grace. 



[0041] Since a liquid crystal display is used for the display device of a portable telephone 
according to this invention, at the time of little standby of the frequency which a pixel writes in, 
it is effective in there being little power dissipation and being able to reduce consumption of the 
battery of a cellular phone by low-electric-power display. 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the liquid crystal display by the form 1 of 
implementation of this invention. 

[Drawing 2] It is the circuit diagram which constitutes one pixel. 



[Drawing 3] It is a wave form chart explaining circuit operation in the usual display (for 
example, 16 tone wedges, 4096 color displays) of a liquid crystal display. 



[Drawing 4] It is a wave form chart explaining circuit operation in the low-electric-power display 
(for example, two tone wedges, 8 color displays) of a liquid crystal display. 



[Drawing 5] It is the circuit diagram which constitutes one pixel in the form 2 of implementation 
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of this invention. 



[Drawing 6] It is the circuit diagram which constitutes one pixel in the form 3 of implementation 
of this invention. 



[Drawing 7] It is the block diagram showing the liquid crystal display by the form 4 of 
implementation of this invention. 

[Drawing 8] It is the explanatory view showing the electrode area of a sub-picture element. 
[Drawing 9] It is the circuit diagram showing digital one / analog switching circuit. 
[Drawing 10] It is the block diagram showing the conventional color liquid crystal display. 
[Drawing 11] It is the circuit diagram showing one pixel of drawing 10. 
[Drawing 12] It is the explanatory view showing deterioration of display grace. 
[Drawing 13] It is the outline drawing of a portable telephone. 

[Explanations of letters or numerals] 11 N type TFT, 12 A capacitor, 13 N type TFT, 14 P type 
TFT, 15 N type TFT. 

[Translation done.] 
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